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Abstract

In the one-photon exchange approximation the cross section for the electroproduction
reaction d{e,e’K*)YN, where Y is either A, £% or £~ and N is a neutron or proton, is a
function of contributions from four response functions when both target and incident beam
are unpolarized. These cross sections are due to transverse and longitudinal photons, and
interference contributions. All four terms in the cross section can in principle be separated
over the range of kinematic variables presented in this proposal. This experiment will seek
to separate these four cross sections, with particular emphasis on the longitudinal and trans-
verse cross sections by varying the polarization of .i;he virtual photon exchanged between the
incoming electron and the target nucleon, while keeping the other relevant quantities fixed.
When this separation is achieved, several physics issues can be studied in ways not feasible
previously. These include, for example: (i) A comparison of the elementary (e,e’K*) ampli-
tudes between proton and deuteron targets; in addition, the n(e,e’K+}E~ reaction will be
examined. (ii) A detailed study of the t-channel contributions to the cross sections from a
deuteron target. (iii} A study of the ratio of the transverse and longitudinal cross sections to
explore possible nuclear effects and constituent quark contributions on the simplest nuclear
system before undertaking a study on a heavier nuclei. (iv) A determination of the kaon
electromagnetic form factor from a deuteron target. The virtue of this experiment is that the
deuteron target is the simplest neutron target, and the simplest nucleus, to study possible
A-n interactions and modification to the elementary amplitude for the isolated proton. These
results (from kaon electroproduction and the L/T separation on the deuteron) will form the
basis for a systematic study which will be extended to heavier nuclei and higher energies. The
kinematic range for this proposed experiment will cover the electron squared four-momentum
transfer from 0.5 to 2 (GeV/c)?. The High-Momentum Spectrometer (HMS) and Short-Orbit
Spectrometer (SOS) in Hall C will be used to measure the scattered electron and hadron
momenta, respectively. The kinematic settings will be exactly the same as those already

presented in the approved CEBAF experiment 93-018.



1. Introduction

One of the frontier areas of experimental intermediate-energy nuclear physics research is the
study of nucleons and nuclear systems with strangeness degrees of freedom. Kaon electro-
production is one example of such a study. Exciting prospects for investigating this process
exist at the Continuous Electron Beam Accelerator Facility (CEBAF).

Hadronic-electroproduction reactions can serve as a means of studying hadronic structure
via extracted form factors. The understanding of hadronic structure is one of fundamental
importance in nuclear and high energy physics. Measuring the elementary amplitudes for
Kt electroproduction on the neutron will provide data on hadronic coupling; furthermore, by
studying strange meson production from the nucleon (either proton or neutron), one can in
principle deduce the strange quark density inside the nucleon.

In general, QCD has been successful as a theory that describes the strong interactions.
At high energies and at large momentum transfers (deep inelastic scattering region), the use
of asymptotic freedom allows the application of perturbation theory to describe the struc-
ture and interactions of hadrons. At CEBAF energies, one probes the so called transition
region from the non-perturbative confinement region to the region of asymptotic freedom.
Here, one resorts to phenomenological models in order to describe the strong hadronic inter-
actions because the non-perturbative region of QCD is not well understood. The electromag-
netic properties of hadrons can further serve to illuminate models for describing the strong
interaction 2 3,

The proposed experiment will perform detailed separations of the four cross sections,

with particular emphasis on the transverse and longitudinal cross sections, oy, and o, in the



reaction

e+d—e +KT+ YN (1.1)

where Y is either 2 A, % or £~ hyperon and N is the associated spectator nucleon, see

Fig. 1.1. The kinematic settings will be exactly the same as those already presented in the

e P

Figure 1.1: Feynman diagram for the electroproduction reaction 4(e,e’K*)YN, where
Y is either A, X% or Z~. Assuming one-photon exchange approximation this is
written as v, +d = Kt + A, Z.

approved CEBAF experiment 93-0184. This will further enhance identifying the contributions
from the neutron.

In the next section we begin with an overview of hadronic-electroproduction, followed by
physics motivations. The experimental set up is presented in the last chapter, along with

discussions of background and Monte Carlo, followed by the beam time request.



2. Overview of Mesons Electroproduction

The reaction

e+A—e+Kt+Y+(A-1) (2.1)

forms the basic reaction for the hadron electroproduction off a nuclear target. In the above
reaction Y is either a , % or £~ hyperon and (A-1) represents the remaining nucleons. For

A =1 and assuming one-photon exchange, this can be written as

Yw+p — Kt4+AE°

¥ +n — K¥+Z- (2.2)

in which the exchanged virtual photon’s mass is the squared four-momentum transfer to the
target nucleon. The residual baryon A, £° or L~ can be identified by its missing mass Mp,
given by

Ml =(e—e+p-K)~. (2.3)

Other Lorentz invariant quantities for the kinematics are defined by
7 = (k-K)=q’
s = W' =(n+p)
~t = (n-K)
Q* = ¢ (2.4)

where the four momenta are k = (E k), k' = (E, k), K = (w,K) and q = (»,q} for the

incident electron, scattered electron, ejected kaon and virtual photon respectively; p is the

(]}



target nucleon four momentum, and v = E — E' is the energy of the virtual photon. If the
nucleon is bound within the nucleus, then it can be considered as a virtual (off mass-shell)

nucleon and p? # M3.

The kinematics variables and the reaction planes are shown in Fig. 2.1. The angle between

Figure 2.1: Definition of scattering planes for electrons (initial and final), and
ejectiles (kaon and residual particles).

the initial and scattered electrons is denoted by #.. The symbol ¢y is the angle between the
plane containing initial, final electron momenta and the exchanged photon and the plane
containing the ejected kaon and the associated A or ¥ particle in the final state.

The cross section for the reaction in Eq. (2.2) can be expressed as5.©

dio d?’c 3
Irasdids ~ L dtde (2:5)
The virtual photon flux I 1s given by
. e
T = C!|.5 i ) 1 (2.6)
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and

dzd dO'U dUL dO'p 1
dtdg - @ T @ T cos2¢ +y/5ele+1)

dor
dt

cos ¢ (2.7)

is the single hadron production cross section by virtual photons. The cross sections oy and
o1 are the components from photons with their electric vector perpendicular or parallel to
the hadronic current 3-vector, i.e., transverse and longitudinal photons. The cross section
op represents the interference contributions from the transverse component of the virtual
p.hoton and o7 is due to interference between the transverse and longitudinal components of
the virtual photon. The parameter ¢, (0 < ¢ < 1), denotes the degree of polarization of the
virtual photon. It is expressed in terms of incident and final electron kinematics as
vl -

€= [1 +2 (1 + -Q-E) tanz(ﬂe/Q)l . (2.8)
The separation of the four structure functions would require measurement of the e- and
¢- dependence of the kaon electroproduction reaction. However the last two ¢ dependent
terms can be eliminated by a proper choice of spectrometer settings. By varying e, the
remaining first two terms can be separated readily. This makes it feasible to apply a Chew-
Low extrapolation method to extract the kaon electromagnetic form factor® 7. The response
functions in equation (2.7} are functions of (W2, Q% t). Pion electroproduction data show

a decreasing dependence of or, on [t|3. This is expected for kaon electroproduction as well,

where o; dominates at low t over the remaining three cross sections.

3. Motivation

Already, several approved CEBAF experiments aim to study the elementary amplitudes in
the reaction p(e,e’K+)Y, where Y is either a A or E° hyperon4. This present proposal is

to study the reaction d(e,e’K“‘)YN where Y is either a A, £% or &~ hyperon and N is the



associated spectator nucleon. The emphasis will be on performing detailed longitudinal and
transverse (L/T) separation with the deuteron target, varying the virtual photon polarization
parameter. With the deuteron target, the reaction (1.1) can be decoupled into the three

possible reactions, shown in Eq. (2.2,

e+p — &+KV+A (3.1)
e+p — & +K'+x° (3.2)
et+n — & +K'+x” (3.3)

where the scattered electron and the electroproducea kaon will be detected in the final state.

Most of the past experimental work in electromagnetic production of strangeness on heavy
nuclear systems (where heavy means nuclear mass > 2) has concentrated on looking for bound
hypernuclear states® 10.11, By contrast this present program will determine the elementary
(n(e,e’K+)Y) amplitudes for a neutron target as well as study modifications of the elementary
amplitudes (p(e, &K*)Y) for a weakly bound proton. The use of the CEBAF 100-percent duty
cycle electron beam will greatly improve the available datal2 13 for kaon electroproduction
on the deuteron and facilitate comparison of the data with theoretical models. The available
data exist mostly for the inclusive d(y, K*}X reaction4.

For electroproduction on the deuteron system, one should still be able to experimentally
separate the A and ¥ hyperons (by missing mass) assuming that the neutron or proton spec-
tator in the final state has very small initial and final kinetic energy. Previous works indicate
that the K*-n interaction should be small compared to the nucleon-hyperon interaction®.
Then one can, in principle, isolate the A-n interaction.

By separately looking at the reaction in Eq. 3.1 with longitudinal (virtual) photons
compared to transverse (virtual) photons, one can hope to disentangle the electromagnetic
vertices in Fig. 3.1, just as in the case of a bare proton as presented in CEBAF experiment
E93-0184. If the electroproduced kaon is detected along the direction of the virtual photon

(the forward or q direction), then the associated hyperon must be collinear with that kaon

L 4]
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Figure 3.1: Feynman diagram for approximating a one-photon exchange process in
the reaction 7, +d — K* + A, Z° and 4, +d — K* + &~ by replacing p by n and
A2 by Z-.



from simple momentum conservation {if the relative p-n momentum is small in the initial

deuteron), additionally, angular momenturn conservation selects specific multipole transitions

corresponding to the relative K-Y partial waves, i.e., there is a mapping from multipole

amplitudes to partial wave amplitudes. By looking at the separate electroproduction cross

sections from longitudinal versus transverse photons off a deuteron, one gets, in principle,

information on the A-n interaction which experiments on the proton can not obtain. The

relevant coupling constants gxna and gxnz should be semsitive to whether one observes the

longitudinal or transverse cross section. An example of this bebaviour is shown in Fig. 3.2,

where the cross section is plotted versus Q? for the values shown15. 3,

b}
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Figure 3.2: Calculated invariant cross section ou for p(e,e’KT)A at different virtual
photon 4-momentum, showing sensitivity to coupling constants[15]. The data are

from Ref. [16].

10



3.1 Separation of the longitudinal and transverse cross
sections

The aim of this experiment is to perform a detailed study of the longitudinal and transverse
cross sections. The SOS (the hadron arm) will be placed such that, upon averaging, the ¢-
dependent terms can be eliminated. We can easily then separate o1, from oy by a Rosenbluth
separation. In this case, with deuteron system, attention should be paid to the hyperon
interaction with the nuclear medium and its relevant effect on kaon electroproduction from

an off-shell nucleon.

3.1.1 Longitudinal cross section and the t-channel

One can study the t-dependence of the electroproduction process to isolate the t-channel
exchange contribution and extract the kaon electromagnetic form factor (FR(Q?)) at high
Q? in the deuteron system, similarly to the study on the bare proton (Fg(Q?)) (using the
Chew-Low extrapolation technique). Because the reaction shown in equation (1.1) should be
independent of whether the reaction takes place on a nucleon or in a nucleus (if the spectator
approximation is valid), one expects the ratio FR(Q?)/Fk(Q?) to be unity at all values of the
momentum transfer squared. Any deviations from this result would signal a modification of
the kaon electromagnetic structure due to either the nuclear binding (i.e. an off-shell nucleon)
or the A-n FSL The virtue of the deuteron target is that it provides the simplest nucleus for
studying differences with respect to elementary electroproduction.

In the t-channel the virtual photon directly couples to the kaon. Only longitudinally
polarized photons will scatter in the forward direction from the kaon (or mesonic current of
the nucleon) in the t-channel; and the kaon form factor is thus extracted from the longitudinal
component. This contribution is enhanced when the variable |t| is at a minimum, which
depends on the squared virtual photon mass as shown in Fig. 3.3. Some of the possible

sources of kaons are indicated in Fig. 3.1. In Fig. 3.1b the virtual photon couples to a virtual
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kaon emitted by the target nucleon. Most of the physics discussed here will seek to separate
out the t-channel K* production mechanism from the other possibilities because this is the
relevant mode which involves the kaon electromagnetic form factor—it is the Born term in
the t-channel. The s- and u-channel Born terms are shown in Fig. 3.1. Replacing p by
n, and replacing A and X° by &~, will give similar diagrams for the neutron. Higher-order
contributions are not indicated, but their contributions are worth consideration.

The pion electromagnetic form factor has been extracted using the longitudinal compo-
nent of the electroproduction cross section, or. The t-dependence of ¢y, allows one to extract
the kaon form factor in a parallel fashion as that for the pion. The method generally used is
the Chew-Low extrapolation technique® 7. The contribution due to the pole term is param-

eterized as?

2un(t
oL —tF:(Qz,t)(% (3.4)

for the pion pole. Following the prescription set above for pion, the kaon pole contribution

can similarly be expressed as

ou o (-t + (M, ~ Ma PIFR(Q2 ) 280 (35)

where t is the squared four-momentum transfer, g,nn(t) = g-nn(0)(1 —t/A24)"1 is the xNN
vertex form factor!?, and (gxna) is the coupling to the (KNA) vertex. Model calculations
done by C. Ji and S. Cotanch, utilizing a vector meson dominance model, in which the virtual
photon couples to a p or ¢ meson, and a QCD type calculation are compared to the p(e,e’K*)

datal8. There is reasonable agreement at low QZ.

3.1.2 Transverse cross section

The electroproduction of pseudoscalar mesons by transversely polarized virtual photons has
been examined in the quark-parton model!®. Looking at the s-channel, it was found that for
scattering followed by hadronization by vector gluons, the transverse-transverse interference

part of the cross section, op, is strictly zero. and the part of cross section due to transversely



polarized photons, oy, has the relative behavior as a function of t shown in Fig. 3.4a. In
scattering by a transversely polarized virtual photon followed by hadronization by a scalar
gluon, it was found that the transverse-transverse interference piece, op, is not equal to zero,
and the behavior of the transverse cross section oy is given as a function of t by Fig. 3.4b,
due to helicity conservation.

64
dt

[a)

ds,
dt

3
-

-t

(b)

Figure 3.4: Transverse cross section vs t for (a) exchange of vector gluons, or (b)
scalar gluons.

An example of this model can be found in the pion electroproduction data’®, where the
ratio of #+ electroproduction from the proton to 7~ electroproduction on the neutron was
measured. The proton is described in terms of the valence quarks uwud (charge 2/3, 2/3,
-1/3) while the neutron is described as udd (charge 2/3, -1/3, -1/3). The x* (x7) is a Td
(du), meaning that for =% electrpproduction, the virtual photon couples to the valence u
quark, with charge 2/3. However for #~ electroproduction, the virtual photon couples to
the valence d quark, with charge -1/3. The ratio of =¥ to =~ electroproduction should be
12/3[2:] — 1/3]|2 = 4:1. As seen in Fig. 3.5, the data® approach 4:1 as as |t] increases.

It is worth asking why this behavior should be seen as a function of t, which is after

7
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Figure 3.5: The ratio of 7~ to 7+ production off deuterium including data at Q> =0
[5]-

all inherently an exclusive quantity. The data shown are the cross section data, where no
L/T separation was performed. This means that as the absolute value of t increases, the
longitudinal piece of the cross section dies away, leaving just the transverse piece showing
the expected behavior. This experiment will measure the behavior of the separated L/T
responses as a function of both t and Q* to map out the behavior.

It is also worth asking whether or not this behavior is observed with real photons. The
cross section for real photons is all transverse, and one might expect the photoproduction cross
section to also show this behavior; it does not. For real photons Q% = 0 and xg; = Q?/2My =
0. The valence quark structure functions quarks peak at roughly xp; = 0.3, whereas the
sea quarks peak at xp; = 0, and fall away to essentially zero by xg; = 0.220. 2. Therefore
real photons preferentially see the sea quarks, not the valence quarks. This experiment will
measure between 0.2 < xp; < 0.5, where scattering from valence quarks should dominate.

The analogy between w+/x~ (or ud/dT) to the case of kaons is the K¥/K° ratio (or

us/ds). The quark-parton model predicts that the ratio of the transverse cross section for

P
L] ]



K+Z° production on the proton to K*¥Z~ production on the neutron is!® 1:2 reflecting the
probability of finding the ud quarks in the proton in a I=1 state compared to the probability
of finding the dd quarks in the neutron in a I=1 state. The important point here is that it is
necessary to do an L/T separation to see the behavior of oy, the transverse part of the cross
section.

There is also a perturbative QCD (pQCD) prediction?? for photoproduction of kaons.
The calculation is the leading twist, Born approximation helicity amplitudes for s-channel

scattering from valence quarks. Shown in Fig. 3.6, the cross section is plotted as a function
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Figure 3.6: Unpolarized cross section s’do/dt with ¢ = 0.01, for yp — K*A? (left)
and yp — K*Z° (right)[22] compared to the data[23] for 4 (6) GeV, solid (open)

circle.

of cos 8, where  is the angle between the photon and the outgoing kaon (this is equivalent to
t). The calculation is sensitive to the qua:k wave functions, which give a different behavior
for the A channel versus the L channel (the dip for the A occurs around cos# = —0.5,
while the dip for the & occurs around cos(d) = —0.5.) As can be seen, the photoproduction
data are not in perfect agreement with the calculation. At forward angles, the t-channel

contributes, while at backward angles the u-chaanel contributes. This prediction should hold

" F,
4t



more rigorously for the transverse part of the electroproduction cross section for the reasons
given above (0.2 < xp; £ 0.5 allows one to scatter predominantly from a valence quark, the
L/T separation allows one {o minimize the t-channel contribution, and the t-behavior will be

mapped out by changing the kaon angle while keeping the electron arm fixed). |
3.2 (K+X0/(KT,A) ratio

The ratio (K*,Z%)/(K*,A) has interesting physical meanings. It is conjectured that the
(K*,2°) cross section falls faster with Q? than the cross section from (K*, A). One argument
in favor of this is that the coupling constant’ g2y, > g2yro. There are other arguments which
are also presented in Refs. [24,25]. These scenarios presented can be further understoed
when data are available for separated cross sections. Importantly, it is the o7, dominance that

explains the observed decreasing ratio$: 2627 in the experimental data. The Q? dependence of
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Figure 3.7: The Q? dependence of kaon electroproduction cross section for the case
in which there is A or T particle in the final state[5]. Similar study will be done
for as proposed on the deuteron.
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interesting is the high statistics experiment to study this dependence for the nuclear target
as proposed here. The effect of the multi-nucleon environment can be inferred from these
data and the effective physical coupling constants in the presence of FSI's can be determined.
The study on the deuteron is the beginning of a systematic study which will be extended to

heavier systems where these effects are expected to be large.

4., Experimental Procedure

4.1 Experimental arrangements and kinematics

The data on the above targets will be obtained with the apparatus in experimental Hall C
at CEBAF. For this measurement, the two spectrometers needed are the High Momentum
Spectrometer (HMS) and the Short Orbit Spectrometer (SOS). A plan view of Hall C is
shown in Fig. 4.1. The momentum of the final scattered electron is measured by utilizing
the HMS and the produced meson is observed in the SOS. For the HMS arm, the detector
stack follows three quadrupole magnets and one dipole magnet. Similarly, the SOS arm will
contaln one quadrupole magnet and two dipole magnets bending in opposite directions. The
proposed detector stacks for the two spectrometers are shown in Fig. 4.2.

The choice of kinematics dictates the spectrometer settings listed in Table 4.1. The total
c.m. energy W = /s is chosen here to be above the resonance region. Contours for these

kinematic variables are shown in Figs. 4.3.

4.2 Background considerations

On the HMS arm, a gas Cerenkov will be used on-line to reject pions. Further pion rejection

will be achieved off-line by utilizing the lead-glass shower counter detector (see Fig. 4.4a).

-
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HALL C PLAN VIEW \

Figure 4.1: Set up of experimental Hall C. The scattered electrons will be detected
in the HMS while the kaons will be detected in the SOS.

Kine. | @° E. E; b, 6, W v € z

la 0.50 2.40 0.80 29.56 | 13.04 1.84 1.60 0.54 0.17
1b 0.50 3.20 1.57 18.25 | 16.31 1.84 1.60 0.76 0.17
lc 0.50 4.00 2.39 13.16 | 18.10 1.84 1.60 0.86 0.17
2a 1.00 2.40 0.61 49.20 | 12.76 1.81 1.80 0.36 0.30
2b 1.00 3.20 1.38 27.69 | 18.08 1.81 1.80 0.66 0.30
2¢ 1.00 4,00 2.19 19.48 | 20.77 1.81 1.80 0.80 0.30
3a 1.50 2.40 0.61 61.37 | 12.98 1.69 1.85 0.28 0.43
3b 1.50 3.20 1.34 34.39 | 19.91 1.69 1.85 0.61 0.43
3c 1.50 2.40 2.23 23.42 | 23.56 1.69 1.85 0.78 0.43
4a 2.00 3.20 0.79 53.14 | 13.03 1.84 2.40 0.34 0.44
4b 2.00 3.50 1.09 4251 | 15.33 1.84 2.40 0.46 0.44
4c 2.00 4.00 1.59 32.67 | 17.90 1.84 2.40 0.60 0.44

Table 4.1: Kinematics Settings
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Figure 4.2: (a) HMS detector plan view. (b) SOS detectors plan view.
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The hadron arm will utilize a time-of-flight (TOF), coincidence window on the order of 2 ns
off-line and an anti-= coincidence mode trigger of the threshold pion Cerenkov, to reject slow
protons and pions. The collaboration is currently investigating the implementation of an H,O
threshold kaon Cerenkov detector?8. This effort is being undertaken by the North Carolina

A&T State University members of the collaboration with Hampton University participating.

4.3 Count rate estimates

We estimate the rates in each detector using the luminosity set forth in the CEBAF Con-
ceptual Design Report (CDR)?2. The envisioned effective target length is 5 cm and beam
currents of 10 to 30 uA. Power dissipation in the target for this current should be minimal. In
calculating the rates the laboratory cross section ﬁ was computed from experimental
data (e.g. Refs. [12,30]) extrapolated for other Q® and W values. For the singles rates, the
eN cross section is written in the Rosenbluth form. The dipole form factor has been used to
describe the momentum-transfer dependence. The cross section has been computed both for
protons and neutrons and added incoherently, similar to that used in Ref. [31]. The kaon
laboratory cross section was integrated over momentum bite of £0.20po32.

In estimating the coincidence rate R (e, e’K}, we use

_ I ptNo d3c

!
Re(e,¢K) = -+ % - sraan ABARAN - (1 - Pacey) (4.1)

with t = 5 cm (target length), AQ. = 5 msr, AQg = 4 msr, AE, = 0.2E,, AQ is the solid
angle of the spectrometer, and Pgecay is the kaon survival probability over a 10 m flight path.
The beam currents (I = 10—30 xA) have been chosen to maximize the signal to noise ratio.
Re(e, ) and Ri(e, K) are the singles rates in the HMS and SOS arms respectively. The ratio

of accidental to true is
A T R. Rk

T f-Re

where 7 = 1 ns resolving time and f = 1 duty factor have been used. The contribution
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o(yn — K*E7) for the neutron in deuterium was taken to be the same as o(vp — K+T%).

Table 4.2 lists the computed rates for the kinematics conditions in Table 4.1.

Kine. | I | R.(e,e’K) | R.(e,e’) | Rx(e,K) A/T
(pA) | (107? Hz) | (kHz) (kHz) | (r = 1 ns)
l.a 10 6.50 5.30 1.33 0.11
1.b 10 19.1 24.0 1.22 0.15
l.c 10 38.0 56.5 1.19 0.17
2.a 20 2.14 0.40 3.32 0.06
2.b 20 7.20 2.78 2.70 0.10
2.c 20 15.4 7.50 2.10 0.12
3.a 30 0.56 0.09 2.34 0.04
3.b 30 1.94 0.70 1.90 0.07
3.c 30 4.10 1.97 1.70 0.08
4.a 30 0.94 0.06 8.52 0.05
4.b 30 1.44 0.12 7.45 0.06
4.c 30 2.47 0.28 6.36 0.07

Table 4.2: Coincidence and single rates for d(e,e’K*) A L% or T-.

4.4 GEANT Monte Carlo

Both the HMS and SOS detectors have been simulated in GEANT. With these simulations the
systematics can be better understood in a timely manner—an effort that otherwise could cost
a considerable amount of beam time. The simulation includes details of the detector geometry
and material. The response of the detector elerﬁents when particles propagate through the
experimental set up are digitized and recoded into appropriate format consistent with the
expected CODA data format. This work allows one to develop and test tracking software
and study detector resolution. Effects from processes like multiple scattering, particle decay,
energy loss, etc. are calculated easily. The energy deposited in the 1-cm scintillator element

for (x, K*, p) is shown in Fig. 4.5.
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4.5 Run time and measurement errors

The final real events will contain some background from random coincidence events. Qur
current estimates are based on statistics. Other sources of background resulting from random
coincidence and corrections due to finite detector acceptance will be corrected off-line. Most
of the kinematic variables discussed in this proposal that appear in the cross sections given
in Eq. 2.7 are functions of Q% W, and t. The uncertainties in Q? and W are simply due the
electron kinematics, i.e., E, E' and @.,. The uncertainties in Q?, W, and t are thus estimated
to be less than 1, 5, and 1% respectively. Overall an uncertainty of < 5% is expected for
the uncertainty in the cross sections. Fermi momentum smearing of the missing mass will be
determined in a Monte Carlo fashion. The GEANT simulation package (which is available
presently) will be used to better understand systematics and other sources of errors.

The beam time required to obtain reasonable statistics is summarized in Table 4.3. A

total of 22 days of running is requested.

TIME (DAYS)
Data Acquisition 16.5
Setup and Checkout 1.5
Angle & Energy Changes| 0.5
Background Studies 1.5
Contingency (10%) 2.0
TOTAL 22.0

Table 4.3: Beam Time Request
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